Injury is the leading cause of hospitalization in children, and as many as 5% of hospitalized injured children require mechanical ventilation. Despite this, little is known about the complications associated with mechanical ventilation, including pneumonia.
I
njuries are the leading cause of emergency department (ED) visits and hospitalizations in the United States. It is estimated that more than 29 million ED visits and 2.6 million hospital admissions occur annually because of injuries. 1 Injury is also the leading cause of death and disability among children. 1 As many as 5% of hospitalized injured children require mechanical ventilation during admission. 2, 3 Despite this, little is known about the complications associated with mechanical ventilation, including the development of pneumonia, in children.
Hospital-acquired pneumonia (HAP) is an important and potentially preventable complication in critically ill patients. It is defined as a nosocomial or potentially avoidable infection in patients with mechanical ventilation that is not present at the time of intubation and develops greater than 48 hours after intubation. 3Y6 Pneumonia is a significant cause of secondary morbidity in adults, with reported rates between 0.8% and 15% in mechanically ventilated trauma patients. 2Y6 Several risk factors have been identified in the adult trauma literature, which may contribute to higher rates of HAP in trauma patients. Head injuries, 3 acuity of illness, 4 and prolonged mechanical ventilation 5 are all associated with higher rates of pneumonia in adult trauma patients.
Despite this research, little is known about the development of HAP in pediatric trauma patients. A nonYtrauma-specific pediatric study demonstrated that 5.1% of all mechanically ventilated pediatric intensive care unit patients will develop HAP. 7 A study by Taira et al. 8 demonstrated that pediatric trauma patients have a threefold higher risk of developing HAP than nontrauma patients, but the rate of HAP was lower than that reported in adults. Because a nearly 5% of traumatic injuries require mechanical ventilation as part of the acute (or even chronic) treatment plan, larger studies are needed to further elucidate the impact of HAP in the pediatric trauma population. To address this critical issue, we sought to describe the incidence and risk factors of HAP in pediatric trauma patients in the hopes of identifying populations that may be at increased risk.
PATIENTS AND METHODS

Patient Population
This is a retrospective analysis of trauma patients younger than 19 years from the National Trauma Data Bank (NTDB), years 2009 to 2011. The NTDB represents the largest centralized collection of trauma patients in the United States and is sponsored by the American College of Surgeons (ACS). More than 700 US trauma centers and hospitals voluntarily reported deidentified information about trauma patients to the NTDB, including more than 95% of all ACS-verified Level I and Level II trauma centers, which are required to report data as part of their ACS verification requirements. 9 Inclusion criteria, data collection, verification, and cleaning of data are standardized across all trauma centers included in the data set. This study was reviewed and deemed exempt by the institutional review board at Children's Hospitals and Clinics of Minnesota.
Inclusion Criteria
Only patients younger than 19 years were eligible for inclusion in this study. Patients were excluded if they were transferred to the respective trauma center from another hospital, if they presented to the ED ''dead on arrival,'' or if they ''died after failed rescue.'' Patients were also excluded if they were not admitted or if their length of stay was less than 2 days. We defined the term hospital-acquired pneumonia to include aspiration pneumonia, ventilator-associated pneumonia, and infectious pneumonia that developed 48 hours after hospital admission as per previous reports using the NTDB.
2,6,10 An injured child was also considered to have a trauma-related pneumonia if pneumonia was listed as a hospital complication in the NTDB database. In addition, we included patients with the following International Classification of DiseasesV9th Rev. (ICD-9) codes for ventilator-associated, aspiration or infectious pneumonia: 997.31, 507.0, and 481 to 486. Similar to another study examining pneumonia risk in adults using the NTDB, 10 patients who were on a ventilator for more than 30 days were considered outliers and were excluded from the study population since these patients have an extremely high risk for developing pneumonia.
Covariates
Additional data obtained from the NTDB included age, sex, race/ethnicity, Injury Severity Score (ISS), Glasgow Coma Scale (GCS) score, length of stay (days), intensive care days, day on mechanical ventilation, injury pattern, comorbid conditions, payment method, and hospital number. Race/ethnicity was categorized as follows: white, African American, Hispanic, Asian, other (Native Hawaiian or other Pacific Islander, other race), and unknown. The NTDB categorizes 24 comorbid conditions. Injury pattern (head/neck only, other only, or head/ neck and other) was based on ICD-9 body region codes as defined by the Barell Injury Diagnosis Matrix. A patient was considered to have one or more comorbid conditions if he or she had any condition listed in the NTDB database. Insurance status was based on the payment method listed in the NTDB database and was categorized as private (private/commercial, Blue Cross/Blue Shield), public (Medicaid, Medicare, other government), or other (not billed, self-pay, worker's compensation, no fault automobile, unknown).
Statistical Analysis
We used descriptive statistics to characterize the patient population. Baseline characteristics were compared between subgroups using t tests for continuous variables and W 2 tests for categorical variables. Generalized linear models were used to identify risk factors for HAP adjusting for clustering of patients by hospital. Models were first run without adjustment for confounders to examine associations between potential risk factors and pneumonia. A final generalized linear model was run based on levels of statistical significance (p G 0.05) seen in the unadjusted models. The final model included age group (G1, 1Y5, 6Y10, 11Y15, 16Y18 years), race/ethnicity (white, African American, Hispanic, Asian, other, unknown), sex (female/male), Injury Severity Scale (ISS), GCS, injury pattern (head/neck only, head/neck and other, other only), number of days on a ventilator, number of days in the intensive care unit, length of stay (days), number of comorbid conditions (0, 1, 2, or Q3), and insurance status (private, public, other). All analyses were run using the SAS version 9.3 (Cary, NC). All p values were from two-tailed tests and were considered to be statistically significant if G0.05.
RESULTS
In 2009 to 2011, there were 391,086 pediatric trauma patients in the NTDB database. We excluded 136,814 patients who were transferred from another facility, 1,386 who were dead on arrival or died after failed resuscitation, 69,995 patients who were not admitted to the hospital, 61,724 patients who were admitted less than 2 days, 253 patients who were on a ventilator for more than 30 days, and 446 patients who had missing data, resulting in 120,468 patients eligible for analysis. Of these patients, 1,855 patients were diagnosed with HAP, of whom 97% (n = 1,795) were listed as a complication, while 56 had a diagnosis code for ventilator-associated pneumonia, 172 had a diagnosis of infectious pneumonia, and 76 had a diagnosis of aspiration pneumonia. Thirteen percent (242) of the cases were listed both as a complication and as a secondary diagnosis and were counted only once in our analysis. In total, 11% of the patients (n = 13,670) spent one or more days on mechanical ventilation.
The demographics and clinical characteristics of our study population along with pneumonia cases are provided in Table 1 . Most patients were male (67.1%), were white (52.2%), had no comorbidities (86.2%), and were not considered severely injured (77.8% with an ISS G 16). The mean (SD) length of stay was 4.9 (6.7) days. Regarding region of injury, half of the patients did not have a head and neck injury (51.6%), while 24.3% had a head and neck injury only, and 24.1% of patients had both an injury in the head and neck region and in another region. Patients who developed pneumonia were more likely to be in the oldest (16Y18 years) age group (62.9%) compared with those who did not develop pneumonia (36.6%, p G 0.0001). Patients who developed pneumonia had an increased length of stay (21.9 days vs. 4.7 days, p G 0.0001), more intensive care days (14.1 days vs. 1.3 days, p G 0.0001), and more ventilation days (9.5 days vs. 0.3 days, p G 0.0001). Patients who developed pneumonia were more likely to have comorbid conditions (20.2%) compared with patients who did not develop pneumonia (13.7%, p G 0.0001). We further examined the relationship between mechanical ventilation and risk of developing HAP by calculating the increase in odds for each additional day on a ventilator ( Fig. 1) .
In the fully adjusted model, we found that spending just 1 day on a ventilator was associated with three times the odds of developing pneumonia compared with no days on a ventilator (OR, 3.21; 95% CI, 2.00Y5.15). The odds of developing pneumonia nearly doubled from the baseline rate for patients spending 2 days on a ventilator (OR, 5.52; 95% CI, 3.45Y8.84), doubled again for patients spending 3 days (OR, 10.59; 95% CI, 6.38Y17.61), and doubled again for patients spending 5 days on a ventilator (OR, 23.72; 95% CI, 13.36Y42.15). As shown in Figure 1 , there was an exponential increase in the odds of developing pneumonia for patients on mechanical ventilation up to 5 days, after which the odds of developing pneumonia seemed to plateau.
DISCUSSION
We report that HAP is a significant cause of morbidity in pediatric trauma patients, with nearly 1% of the patients treated at a trauma center during the study period developing HAP. To our knowledge, this is the first study to report on the incidence and risk factors of HAP in children using a large, national database. We recommend that preventive measures be implemented early in all pediatric trauma patients requiring mechanical ventilation.
In our study, similar to studies in adults, 11, 12 the number of days on mechanical ventilation was strongly predictive of developing HAP in children. Several risk factors for the development of HAP have been described in adult trauma patients.
2Y4
We report that pediatric patients on mechanical ventilation have an exponential increase in the odds of developing pneumonia up to 5 days, after which the odds seems to plateau. Our findings differ from those by Taira et al. 8 who reported the mean number of days from admission to diagnosis of pneumonia was 10. However, Taira et al. 8 examined a small population of regional trauma patients, and the rate of pneumonia was 0.2% overall. In contrast, our study reports trends in a national database over a multiyear period. We report that the severity of patient injury also significantly affected the risk of HAP. This is in agreement with previous studies in both adults and children. 8, 10 Children with an ISS of 16 or greater had a threefold increase in the risk of developing HAP in our study. There are likely many reasons for this. Higher ISSs often are associated with multisystem or polytrauma. Injuries to multiple body areas may result in increased or prolonged mechanical ventilation, thereby increasing the risk of developing HAP. Even after adjustment for ventilator days in our model, higher injury severity was still independently associated with HAP. While it is possible that injury mechanism itself contributes to the development of HAP, we did not specifically address this in our study. This is an area of importance and the subject of future work by our research team.
We found that children with injuries to multiple body regions (including the head and neck) were more likely to develop HAP than children with injuries to nonYhead/neck regions only. These results suggest that the addition of a head and neck injury to injuries in other regions may increase risk for developing HAP. However, children with isolated head and neck injuries did not have an increased risk of pneumonia in our study, in contrast to what has been reported in adult studies. 2, 3, 12 We also report that children 16 years to 18 years old have a significantly higher risk of developing pneumonia than younger children. This is consistent with a previous study, 8 which reported that injured adolescents were more likely to develop HAP compared with younger children. While the reasons for this are likely numerous, one plausible explanation is that injury patterns is adolescent patients are similar to adults. Further research is needed to examine how injury patterns differ in children by age group and whether this may help explain the relationship between age and risk of developing HAP.
Comorbid conditions were also associated with increased risk of pneumonia in injured children. We report a nearly twofold increase in the risk of pneumonia in children with multiple comorbid conditions, which is similar to previous studies in both adults and children. 10, 13 These results are not surprising given that some comorbid conditions (such as obesity) are associated with systemic inflammation, leading to an immune-deficient state. Clearly, this is not as dramatic as one would expect in a patient receiving chemotherapy for a malignancy, but alterations in metabolism have been shown to affect morbidity and mortality in pediatric trauma patients. 14 We did not address any specific hospital-based preventive measures in this study because of the nature of the NTDB data. We do report that children requiring prolonged mechanical ventilation have a significantly high risk of pneumonia. Children ventilated in 3 days have a nearly 10-fold increase in the risk of pneumonia, and the risk increased to more than 20-fold by Day 5 compared with those children who were not ventilated. We strongly recommend early and aggressive use of prophylactic measures in those children requiring mechanical ventilation greater than 72 hours. A number of evidence-based prophylactic measures to reduce the risk of HAP, which are commonly used in adult trauma patients, should be considered in children. These include elevating the head of the hospital bed to 30 degrees, 15 antacid use for gastric reflux, 16 regular suctioning of oral secretions, 17 using endotracheal tubes lined with antimicrobials, 18 and minimizing patient sedation when possible. 19 The use of a ''Quality Rounds Checklist'' to increase compliance with evidence-based prophylactic measures has been shown to reduce the rate of pneumonia in ventilated patients. 20 However, even with these preventive measures in place, extended ventilator time has been shown to be associated with an increased risk of pneumonia. 10 In 2008, the Centers for Medicare and Medicaid Services developed a list of ''never events'' and have proposed to include HAP on the list of completely preventable hospital adverse events. 21Y23 Assuming that hospitals reporting to the NTDB use some form of prevention measure to avoid the development of HAP, our data suggest that pneumonia may not be entirely preventable in injured children. Injured children may require mechanical ventilation for days to weeks, which is different from children who require mechanical ventilation for a shorter, more defined period, such as children undergoing general surgical or even cardiac operative procedures. 24 Although it is desirable to extubate traumatically injured children as soon as possible, this may not always be a viable clinical option, thus calling into question the of labeling HAP as a ''never event.'' Our study is subject to limitations. While the NTDB provides a unique opportunity to examine a large number of trauma patient visits, the database has many limitations as stated by Hui et al. 10 The NTDB provides no follow-up patient data, and timespecific information about the initiation of mechanical ventilation and development of pneumonia is not reported. As such, long-term outcomes and temporal effects cannot be fully determined. 10 Missing data are a concern with the NTDB data and may affect our results. 10 However, NTDB inclusion criteria and data collection procedures have been standardized with the implementation of the National Trauma Standard, 9 improving the quality and consistency of the data. Inconsistent reporting by trauma centers would almost certainly result in underreporting pneumonia cases because hospitals are less likely to inaccurately report a complication in care such as pneumonia. If this is true, our findings represent the lower range of the estimates on the true incidence of HAP. Finally, because of the large, multicentergenerated database, there is the potential that confounders not reported by the NTDB contribute to the conclusions in this study. 10 
CONCLUSION
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